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1.0

INTRODUCTION

This Report represents the second phase of Stage 1 as described
in our letter to Mr. Norman Payne, dated November 13, 1984 and
referenced in our "Study for Completion of the Existing Chilled
Water System" dated January 9, 1985.
Included in this report is a summary of the existing building
HVAC systems and associated operational deficiencies, recommen
dations for system improvements and preliminary cost estimates.
In preparation of this report, Engineers from our office visited
the site on January 16, 1985 and met with supervisors from each
department to review areas of concern.
Information acquired from the field visit has been used in the
preparation of this report.
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PART 2 - MAINE STATE MUSEUM

1.0

Recommendat ions
A.

Remove the existing steam preheat coils and air filters from
AC-6, 7, 8, and 9.

B.

Install new high
sisting of a 30%
an 85% efficient
for variable air

C.

Revise sequence of control for AC-6, 7, 8 and 9 to provide a
coordinated relationship between heating/cooling and
humidification/dehumidification functions.

D.

Update the control system to provide a "State-of-the-Art"
approach to accurate temperature and humidity sensing and
control. This can be accomplished with a direct digital
control(DDC) system. The DDC system will have the capabi
lity of providing energy management functions, monitoring,
alarm and control of environmental variables through
electronic sensing and interfacing with existing pneumatic
controls. A keyboard and CRT will enable operating person
nel to communicate with the system.

E.

Convert the following air handling systems to variable air
volume - AC-6, AC-7, AC-8 and AC-9. The variable air
volume controls will consist of new energy-efficient motors
for the supply and return air fans to maximize energy
savings, variable frequency drive to control motor speed and
variable air volume boxes for each zone with pneumatic
controls. Consequently, each air handling system will be
divided up into a number of independently temperaturecontrolled zones.

F.

In general, air balancing shall be performed to determine
that adequate air quantities can be delivered to each zone
under all conditions.

G.

Central station air handling units and the associated supply
air duct system shall be thoroughly cleaned on the interior,
to take maximum advantage of the high efficiency air
filters.

H.

Install new steam humidifiers in supply air ductwork from
AC-7 and AC-9. AC-6 and AC-8 presently have steam
humidification.

efficiency (85% efficient) air filters con
efficient pleated, throw-away prefilter and
bag or cartridge-type final filter, suitable
volume applications.
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I.

In general, we suggest that all air handling units be
operated continuously in order to maintain environmental
conditions.

J.

We also suggest that the existing steam reheat coil in each air
handling unit be utilized to obtain the maximum benefit from the
dehumidification cycle.

K.

The make-up air units serving the Lab Areas on the fourth
floor and the associated controls should be modified so
that they can serve the intended purpose of providing tem
pered make-up air and space heating.

L.

Install duct heating coil in supply duct to Darkroom with
separate thermostatic control.
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2.0

Description of the Existing System (Museum)
A.

This section of the building is served by AC-6, 7, 8 and 9.
AC-6 and AC-8 have chilled water cooling coils for air con
ditioning and dehumidification. The areas served by these
units are essentially treated as a single zone. The fourth
floor (AC-6) includes a number of steam reheat coils. Each
air handling system consists of a supply and return air fan.

B.

Humidification is provided for the areas served by air
handling units with cooling coils (AC-6, AC-8). The humidi
fiers introduce steam into the supply air to maintain rela
tive humidity.

C.

Each air handling system has a steam preheat coil, steam
reheat coil, air filters that are approximately 20% effi
cient and an in-line return air fan. Outside air quantities
are controlled by mixing dampers with enthalpy economizer on
units with cooling coils (AC-6, AC-8).

D.

Perimeter heating is handled by hot water radiation with
individual thermostatic control.
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3.0

Investigation of System Operation (Museum)
A.

Optimum environmental conditions were established as follows
Temperature = 68*F. to 72’F.
Relative Humidity = 551 maximum
Air Filtration = 85% (ASHRAE 52-76)
The maximum relative humidity that can be maintained during
the winter months will be limited by the construction of the
building, vapor barriers and the existing double-glazed
windows and metal frames. A review of the existing building
drawings indicates that the building envelope, in general,
has a poor resistance to vapor flow.
A realistic wintertime indoor relative humidity would be
30% - 35% to minimize the potential problems of
condensation.
Building personnel indicate that current indoor RH is
running 20% - 25% during the winter months.
It was agreed
that the relative humidity is more critical than temperature
and should be maintained at a stable level.

B.

Specific problem areas and their symptoms are as follows:
1.

Photolab: Chronic overheating, high internal heat
gains, temperatures in the high 70*s.

2.

Conservation Lab:

3.

Fifth Floor: North and West areas are cold, South
exposures overheat as a result of solar gains.

4.

Paper Conservation Lab: Cool in winter (62*F.), no
ceiling, space is air-conditioned.

5.

Natural History Lab:

6.

Restoration Room: Cool temperatures (65’F.), no
ceiling, make-up air unit frequently shuts down on
freeze-protection making it unusable.

7.

Classroom/Exhibit Area: Overheating in summer,
especially when chiller is not operating.

8.

Photo Lab:

9.

Darkroom:

Inadequate cooling.

Cool temperatures (60'F.)

Warm in summer, cool in winter (61 *F .).
Very cool in winter.
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10.

Exhibit Areas: Fluctuations in space relative humi
dity, lower tunnel area is cool.

11.

Gun Exhibit Area: Very warm in summer due to solar
gains through glass. Fluctuation in relative humidity
appears to have resulted in damage to display cases and
their contents.

MECULT-8

□ HAKP30IMAW A S S O C I A T E S C

]

PART 3 - MAINE STATE ARCHIVES

1.0

Recommendat ions
A.

Remove the existing steam preheat coils and air filters from
AC-3, AC-4 and AC-5.

B.

Install new high efficiency (85% efficient) air filters con
sisting of a 30% efficient pleated, throw-away prefilter and
an 85% efficient bag or cartridge-type final filter,
suitable for variable air volume applications.

C.

Revise sequence of control for AC-3, AC-4 and AC-5 to pro
vide a coordinated relationship between heating/cooling and
humidification/dehumidification functions.

D.

Update the control system to provide a "State-of-the-Art"
approach to accurate temperature and humidity sensing and
control. This can be accomplished with a direct digital
control (DDC) system.
The DDC system will have the capability of providing energy
management functions, monitoring, alarm and control of
environmental variables through electronic sensing and
interfacing with existing pneumatic controls. A keyboard
and CRT will enable operating personnel to communicate with
the system.

E.

Convert the following air handling systems to variable air
volume: AC-3, AC-4 and AC-5. The variable air volume
controls will consist of new energy-efficient motors for the
supply and return air fans to maximize energy savings,
variable frequency drive to control motor speed and variable
air volume boxes for each zone with pneumatic controls.
Consequently, each air handling system will be divided up
into a number of independently temperature-controlled zones.

F.

System balancing will consist of measurements and adjust
ments to verify that adequate air quantities can be delivered
to each zone under all conditions.

G.

The central station air handling units and the associated
supply air duct system shall be thoroughly cleaned on the
interior, to take maximum advantage of the high efficiency
air filters.

H.

Install new steam humidifier in supply air ductwork from AC-3.
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I.

In general, we suggest that all air handling units be
operated continuously in order to maintain environmental
conditions.

J.

We also suggest that the existing steam reheat coil in each
air handling unit be utilized, to obtain the maximum benefit
from the dehumidification cycle.

K.

The Darkroom exhaust ventilation should be increased to
prevent an accumulation of chemical fumes.
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2.

Description of the Existing System (Archives)
A.

This section of the building is served by AC-3, AC-4 and
AC-5, AC-4 and AC-5 have chilled water cooling coils for air
conditioning and dehumidification. The areas served by these
units are essentially treated as a single zone. AC-3 has no
mechanical cooling capability.

B.

Humidification is provided for the areas served by air
handling units with cooling coils (AC-4 and AC-5). The humi
difiers introduce steam into the supply air to maintain
relative humidity.

C.

Each air handling system has a steam preheat coil, steam
reheat coil, air filters that are approximately 20%, efficient
and an in-line return air fan. Outside air quantities are
controlled by mixing dampers with enthalpy economizer on
units with cooling coils (AC-4, AC-5.)

D.

Perimeter heating is handled by hot water radiation with
individual thermostatic control.
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3.0

Investigation of System Operation (Archives)
A.

Optimum environmental conditions were established as follows:
Temperature = 68*F. to 7 2 *F.
Relative Humidity = 55% maximum
Air Filtration = 85% (ASHRAE 52-76)
The maximum relative humidity that can be maintained during
the winter months will be limited by the construction of the
building, integrity of vapor barriers and double-glazed
windows and metal frames. A review of the existing building
drawings indicates that the building envelope, in general,
has a poor resistance to vapor flow.
A realistic wintertime indoor relative humidity would be
30% - 35% to minimize the potential problems of
condensation.
Building personnel indicate that current indoor RH is being
maintained as high as 40% - 45% during the winter months in
some areas. Visible condensation and frost are apparent in
these areas.
Building personnel indicate that they would like to see a
stable relative humidity level.

B.

Specific problem areas and their symptoms are as follows:
1.

Darkroom: Inadequate ventilation and exhaust.
temperatures.

High

2.

Third Floor Search Room, Microfilm Room, Reference
Area, Photo Duplication Lab and Conservation Lab are
air-conditioned. Remainder of the floor is not airconditioned. Relative humidity fluctuates.

3.

Photo Lab:

4.

General:

Overheats.
Temperatures vary on a room-by-room basis.
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PART 4 - M I N E STATE LIBRARY
1.0

Recommendat ions
A.

Remove the existing steam preheat coils and air filters from
AC-1 and AC-2.

B.

Install new high
sisting of a 301
an 85% efficient
ble for variable

C.

Revise sequence of control for AC-1 and AC-2 to provide a
coordinated relationship between heating/cooling and
humidification/dehumidification functions.

D.

Update the control system to provide a "State-of-the-Art
approach to accurate temperature and humidity sensing and
control. This can be accomplished with a direct digital
control (DDC) system. The DDC system will have the capability
of providing energy management functions, monitoring, alarm
and control of environmental variables through electronic
sensing and interfacing with existing pneumatic controls. A
keyboard and CRT will enable operating personnel to com
municate with the system.

E.

Convert the following air handling systems to variable air
volume: AC-1 and AC-2. The variable air volume controls
will consist of new energy-efficient' motors for the supply
and return air fans to maximize energy savings, variable
frequency drive to control motor speed and variable air
volume boxes for each zone with pneumatic controls.
Consequently each air handling system will be divided up
into a number of independently temperature-controlled zones.

F.

System balancing will consist of measurements and adjust
ments to verify that adequate air quantitites can be deli
vered to each zone under all conditions.

G.

The central station air handling units and the associated
supply air duct system shall be thoroughly cleaned on the
interior to take maximum advantage of the high efficiency
air filters.

H.

Install new steam humidifiers in the supply air ductwork
from AC-1 and AC-2.

efficiency (85% efficient) air filters con
efficient pleated, throw-away prefilter and
bag or cartridge-type final filter, suita
air volume applications.
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I.

In general, we suggest that all air handling units be
operated continuously in order to maintain environmental
conditions.

J.

We also suggest that the existing steam reheat coil in each
air handling unit be utilized to obtain the maximum benefit
from the dehumidification cycle.

K.

Install an independent air conditioning system in the rare
book vault.
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2.0

Description of the Existing System (Library)
A.

This section of the building is served by AC-1 and AC-2.
Neither unit has a chilled water cooling coil at present.
Therefore, mechanical cooling and dehumidification are not
possible with the existing configuration. The areas served
by these units are essentially treated as a single zone. Each
air handling system consists of a supply and return air fan.

B.

Each air handling system has a steam preheat coil, steam
reheat coil, air filters that are approximately 20% effi
cient and an in-line return air fan. Outside air quan
t i t i e s are controlled by mixing dampers.

C.

Perimeter heating is handled by hot water radiation with
individual thermostatic control.
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3.0

Investigation of the Existing System (Library)
A.

Optimum environmental conditions were established as follows:
Temperature = 68*F. - 72*F
Relative Humidity = 55% maximum
Air Filtration = 85% (ASHRAE 52-76)
The maximum relative humidity that can be maintained during
the winter months will be limited by the construction of the
building, integrity of vapor barriers and double-glazed
windows and metal frames. A review of the existing building
drawings indicates that the building envelope, in general,
has a poor resistance to vapor flow.
A realistic wintertime indoor relative humidity would be
30% - 35% to minimize the potential problems of condensation.
Apparently, wintertime relative humidities run very low, as
would be expected with no provisions for adding moisture to
the space.

B.

Specific problem areas and their symptoms are as follows:
1.

Library Stack Areas (First and Second Floors): Not
air-conditioned, temperatures reach the high 70's in
both summer and winter.

2.

Rare Book Vault: Requires an independent system for
accurate control of temperature and humidity.

3.

Maine Room: Very cool in winter, heating piping
freezes up in the wintertime on a consistent basis.
Temperature fluctuates constantly.

4.

First Floor (Basement): Ventilation is poor.. Diesel
fumes from the loading dock are often detected.
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